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ABSTRACT 

One o f  t h e  major  goals o f  manned s p a c e  f l i g h t  
i m m e d i a t e l y  f o l l o w i n g  t h e  f i r s t  f o u r  AAP m i s s i o n s  w i l l  be  to 
p r o v i d e  a modest E a r t h - o r b i t i n g  l a b o r a t o r y  f a c i l i t y  c a p a b l e  o f  
m a i n t a i n i n g  a t  l e a s t  one a s t r o n a u t  i n  o r b i t  c o n t i n u o u s l y  f o r  
one y e a r .  The t o t a l  p a y l o a d - i n - o r b i t  r e q u i r e d  f o r  s u c h  a 
l a b o r a t o r y  may, of  c o u r s e ,  s u b s t a n t i a l l y  exceed  t h e  combined 
p a y l o a d  c a p a b i l i t y  o f  t h e  f o u r  S a t u r n  I-B v e h i c l e s  c u r r e n t l y  
p l a n n e d  f o r  p r o d u c t i o n  i n  any g i v e n  yea r  w i t h i n  t h e  Apo l lo  
A p p l i c a t i o n s  Program. I n  a d d i t i o n ,  i t  i s  a n t i c i p a t e d  t h a t  
o r b i t a l  i n c l i n a t i o n s  h i g h e r  t h a n  28.5" may be r e q u i r e d  f o r  a t  
leas+, s m e  AAP s p a c z c r a r t  beyond t h e  f i r s t  f o u r  v e h i c l e s .  

The h i g h  a n t i c i p a t e d  p a y l o a d  r e q u i r e m e n t  f o r  a one- 
y e a r  o r b i t a l  m i s s i o n ,  t o g e t h e r  w i t h  t h e  added demands on l aunch  
v e h i c l e  pe r fo rmance  r e s u l t i n g  f rom o r b i t a l  i n c l i n a t i o n s  o t h e r  
t h a n  28.5O, p r o v i d e  a n  i n c e n t i v e  f o r  r e v i e w i n g  t h e  c a p a b i l i t i e s  
o f  t h e  S a t u r n  I - B  i n  r e l a t i o n  t o  a l t e r n a t i v e  l a u n c h  v e h i c l e s  
which might  b e  deve loped  a s  m c d i f i c a t i o n s  o f  e x i s t i n g  S a t u r n  
v e h i c l e s .  T h i s  memorandum examines a p o r t i o n  o f  t h e  s p e c t r u m  
o f  l a u n c h  v e h i c l e  p o s s i b i l i t i e s  from t h e  s t a n d p o i n t  o f  a n t i c i p a t e d  
p a y l o a d  and c o s t .  
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1 . 0  I N T R O D U C T I O N  

The accomplishment  of c u r r e n t  p l a n s  f o r  t h e  f i r s t  
f o u r  AAP f l i g h t s  w i l l  r e s u l t  i n  two manned m i s s i o n s  h a v i n g  
maximum d u r a t i o n s  of 2 8  days and 56 days r e s p e c t i v e l y .  AAP 1 
t h r o u g h  4 w i l l  t h u s  expend f o u r  Sa turn- IB l a u n c h  v e h i c l e s  
w h i l e  p r o v i d i n g  a t  most a t o t a l  of 84 days  o f  manned s p a c e  
o p e r a t i o n s .  

One of t h e  m a j o r  g o a l s  of manned s p a c e  f l i g h t  immedia t e ly  
f o l l o w i n g  tile f i r s t  f o u r  m l s s l m s  ?:ill b e  t~ p r n v i d e  =r modest, 
E a r t h - o r b i t i n g  l a b o r a t o r y  f a c i l i t y  c a p a b l e  of  m a i n t a i n i n g  a t  
l ea s t  one a s t r o n a u t  i n  o r b i t  c o n t i n u o u s l y  f o r  one y e a r .  The 
t o t a l  p a y l o a d - i n - o r b i t  r e q u i r e d  f o r  such  a l a b o r a t o r y  may, o f  
c o u r s e ,  s u b s t a n t i a l l y  exceed  t h e  combined p a y l o a d  c a p a b i l i t y  o f  
t h e  f o u r  Sa turn- IB v e h i c l e s  c u r r e n t l y  p l a n n e d  f o r  p r o d u c t i o n  i n  
any g i v e n  y e a r  w i t h i n  t h e  Apollo A p p l i c a t i o n s  Program. 

I n  a d d i t i o n ,  i t  i s  a n t i c i p a t e d  t h a t  o r b i t a l  i n c l i n a t i o n s  
h i g h e r  t h a n  28.5O may be  r e q u i r e d  f o r  a t  l e a s t  some AAP s p a c e c r a f t  
beyond t h e  f i r s t  f o u r  v e h i c l e s .  (An o r b i t a l  i n c l i n a t i o n  o f  
49" would p e r m i t  o v e r f l i g h t s  o f  v i r t u a l l y  t h e  e n t i r e  U n i t e d  
S t a t e s ,  e x c l u d i n g  Alaska .  ) S i n c e  t h e  optimum o r b i t a l  i n c l i n a t i o n  
f o r  maximiz ing  p a y l o a d - i n - o r b i t  i s  % 28.5' f o r  v e h i c l e s  l aunched  
f rom Cape Kennedy, h i g h e r  i n c l i n a t i o n s  w i l l  o b v i o u s l y  r e s u l t  i n  
r e d u c e d  p a y l o a d  c a p a b i l i t i e s .  

The h i g h  a n t i c i p a t e d  p a y l o a d  r e q u i r e m e n t  f o r  a one- 
y e a r  o r b i t a l  m i s s i o n ,  t o g e t h e r  w i t h  t h e  added demands on l a u n c h  
v e h i c l e  pe r fo rmance  r e s u l t i n g  f rom l a u n c h  az imuths  o t h e r  t h a n  
due east ,  p r o v i d e  an i n c e n t i v e  for r e v i e w i n g  t h e  c a p a b i l i t i e s  
of t h e  Sa turn- IB i n  r e l a t i o n  t o  a l t e r n a t i v e  l a u n c h  v e h i c l e s  which 
might  be deve loped  as m o d i f i c a t i o n s  o f  e x i s t i n g  S a t u r n  v e h i c l e s .  

T h i s  memorandum examines a p o r t i o n  of  t h e  spec t rum 
of l a u n c h  v e h i c l e  p o s s i b i l i t i e s  f rom t h e  s t a n d p o i n t  o f  
a n t i c i p a t e d  p a y l o a d  and c o s t  .* 

* I n d i v i d u a l  c l a s s e s  o f  v e h i c l e s  t o  be  d i s c u s s e d  below have  been  
t h e  s u b j e c t  o f  p r e l i m i n a r y  f e a s i b i l i t y  s t u d i e s  conduc ted  by 
Boeing, C h r y s l e r ,  Douglas ,  Mar t in ,  and Nor th  American 
A v i a t i o n  C o r p o r a t i o n s  under  C o n t r a c t  w i t h  MSFC and KSC 
( R e f e r e n c e s  1 - 1 6 ) .  
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2 . 0  CATEGORIES OF MODIFIED SATURN VEHICLES - 
Three g e n e r a l  t y p e s  of m o d i f i e d  S a t u r n  V e h i c l e s  w i l l  

be d i s c u s s e d .  These mzy be c a t e g o r i z e d  f o r  conven ience  as:  

1. S a t u r n - I B ' s  augmented by " s t r ap -on"  s o l i d  r o c k e t  
motors  (SRM's), 

2 .  Two-stage v e h i c l e s  employing an SIVB upper  s t a g e  and 
a new s o l i d - p r o p e l l a n t  l ower  s tage ,  and 

3. Two-stage v e h i c l e s  employing two of t h e  t h ree  s t a g e s  
o f  a Saturn-V.  

Other ways o f  modi fy ing  S a t u r n  v e h i c l e s  t o  o b t a i n  
p a y l o a d s  between t h o s e  of S-IB and S-V have been  s t u d i e d  i n  
t h e  p a s t .  Such m o d i f i c a t i o n s  have i n  g e n e r a l  been  b a s e d  on 
one or more o f  t h e  f o l l o w i n g  component m o d i f i c a t i o n s :  

1. I n c r e a s e d  l e n g t h  o f  s t a g e  p r o p e l l a n t  t a n k s  t o  i n c r e a s e  
~ n n i f x r  p r c p e l l a r ? t  cap U L L V r y .  

2 .  I n c r e a s e d  t h r u s t  and s p e c i f i c  i m p u l s e  o f  e x i s t i n g  
l i q u i d  e n g i n e s  by improvement i n  pump pe r fo rmance ,  
n o z z l e  geometry ,  and o t h e r  e n g i n e  p a r a m e t e r s .  

3. Use of  f l o u r i n e / o x y g e n  ( f l o x )  as an o x i d i z e r  t o  
i n c r e a s e  t h r u s t  and s p e c i f i c  i m p u l s e .  

4. Use of  new, h i g h e r - t h r u s t  l i q u i d  e n g i n e s .  

Of  t he se ,  on ly  i n c r e a s e s  i n  s t a g e  l e n g t h  are  i n c o r -  
p o r a t e d  i n t o  c o n f i g u r a t i o n s  t o  b e  d i s c u s s e d  below and t h e r e  o n l y  
f o r  a f e w  of t h e  ' !s t rap-on s o l i d "  v e h i c l e  c l a s s e s .  Per formance  
i n c r e a s e s  have ,  however,  been a c h i e v e d  i n  e x i s t i n g  l i q u i d  e n g i n e s ,  
e . g . ,  t h e  i n c r e a s e  i n  r a t e d  t h r u s t  o f  t h e  J-2 e n g i n e  from 
2 0 0 , 0 0 0  l b .  t o  205,000 l b . ;  more e x t e n s i v e  i n c r e a s e s  may r a n g e  
from s u c h  " e v o l u t i o n a r y "  improvement t o  changes  t h a t ,  i n  a s e n s e ,  
c o n s t i t u t e  t h e  development  o f  a new e n g i n e .  C a l c u l a t e d  p a y l o a d  
i n c r e a s e s ,  e . g . ,  25% t o  40% i n  low E a r t h  o r b i t ,  have  been  
es t imated  f o r  a Sa tu rn - IB  u s i n g  f l o x  i n  t h e  f i r s t  s tage;* t h e  
t o x i c i t y  of  f l o u r i n e  has, however, g e n e r a t e d  c o n t r o v e r s y  c o n c e r n i n g  
( a )  t h e  f e a s i b i l i t y  o f  s a f e l y  h a n d l i n g  l a r g e  q u a n t i t i e s  o f  
f l o u r i n e  on t h e  g round  and ( b )  t h e  h a z a r d s  a s s o c i a t e d  w i t h  
a t m o s p h e r i c  c o n t a m i n a t i o n  r e s u l t i n g  from d e s t r u c t i o n  o f  a 
" f l o x e d "  v e h i c l e  s t a g e  d u r i n g  an a b o r t e d  l a u n c h .  

* R e f e r e n c e  1 7  
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3 . 0  MODIFIED SATURN-13 VEHICLES EMPLOYLNG STRAP-ON ---I SF,M'S 

F i v e  v e h i c l e  c l a s s e s  - d e s i g n a t e d  S - i B  11 .5 ,  11.5k, 
l l . 7 A ,  13 .7 ,  and  1 4  - w i l l  be c o n s i d e r e d .  C o n f i g u r a t i o n  
d e s c r i p t i o n s ,  pay load  per formance ,  and c o s t  estimates are based  
on R e f e r e n c e s  1 - 6 .  

3 . 1  DESCRIPTION OF VEHICLE CLASSES 

C o n f i g u r a t i o n  11.5 c o n s i s t s  o f  a b a s e l i n e  S - I B  l a u n c h  
v e h i c l e  ("SA-2l3") m o d i f i e d  by t h e  a d d i t i o n  of  f o u r  120 ' '  d i a m e t e r  
s o l i d  r o c k e t  mo to r s  ( T i t a n  I I I C )  o f  f i v e  segments  e a c h .  The 
SRM's are  a t t a c h e d  to t h e  o u t r i g g e r s  o f  t h e  t h r u s t  s t r u c t u r e  a t  
t h e  base o f  t h e  S-IB s t a g e  and to t h e  s p i d e r  beam a t  t h e  t o p  o f  
t h e  stage.  The f o u r  SRM's i n  t h i s  c o n f i g u r a t i o n  are  i g n i t e d  011 

t h e  l a u n c h  pad,  w h i l e  t h e  e i g h t  H - 1  e n g i n e s  o f  t h e  S-IB s t a g e  
are i g n i t e d  a t  a l t i t u d e . *  A mod i f i ed  a s t r i o n i c s  s y s t e m  i s  r e q u i r e d  
to: g u i d e  t h e  t h r u s t  v e c t o r  c o n t r o l  (TVC) s y s t e m  o f  t h e  SRM's; 
i g E i t e  t h e  H - 1  e n g i n e s ;  t e r m i n a t e  SRM t h r u s t ;  separate  sper,k 
SRM's f rom t h e  S-IB s t a g e ;  and to p r o v i d e  t h o s e  f u n c t i o n s  
r i o r m a i i y  pe r fo rmed  b y  t h e  Ins t rumenc  u n i t  (iU) of t n e  b a s e l i n e  
v e h i c l e .  F l i g h t  p r o f i l e s  are  such t h a t  maximum dynamic p r e s s u r e  
on t h e  v e h i c l e  i s  e n c o u n t e r e d  p r i o r  to i g n i t i o n  o f  t h e  H-1 
e n g i n e s .  Helium f o r  p r e s s u r i z a t i o n  of l o x  t a n k s  i n  t h e  S-IB 
s t a g e  d u r i n g  e n g i n e  i g n i t i o n  ( 4 7  p s i a  f o r  two second  d u r a t i o n )  
i s  p r o v i d e d  b y  t h e  l aunch  f a c i l i t y  f o r  an S-IB v e h i c l e ;  i g n i t i o n  
o f  t h e  S-IB s t a g e  a t  a l t i t u d e ,  t h e r e f o r e ,  r e q u i r e s  an on-boayd 
l o x  p r e s s u r i z a t i o n  s y s t e n  (100 l b .  a d d i t i o n a l  w e i g h t )  - During  
b o o s t  b y  " s t a g e  z e r o " ,  the H - 1  e n g i n e s  must be  r e s t r a i r l e d  
from s w i v e l i n g  s i n c e  t h e y  w i l l  not b e  unde r  a c t i v e  c o n t r o l  prior 
to i g n i t i o n  u n l e s s  m o d i f i e d .  A d d i t i o n a l  s t r u c t u r a l  loads 
t o  t h e  " c o r e "  v e h i c l e  imposed by t h e  SRM's car: b e  accommodated 
b y  i n c r e a s i n g  t h e  s k i n  and bulkhead  t h i c k n e s s e s  where r e q u i r e d .  

The 11.5A c o n f i g u r a t i o n  c o n s i s t s  o f  t h e  base l ine  S-IR 
v e h i c l e  p l u s  f o u r  1 2 0 "  diameter SRM's o f  f i v e  segments  each  as i n  
11.5,  p l u s  a dummy segment t o  f a c i l i t a t e  a t t a c h m e n t  t c  t h e  f i r s t -  
s t a g e  s p i d e r  beam. Here, however, b o t h  t h e  SRM's and f o u r  H-1  
e n g i n e s  are i g n i t e d  on t h e  pad w h i l e  t h e  r e m a i n i n g  four H - l  
e n g i n e s  are i g n i t e d  a t  a l t i t u d e .  I n  a d d i t i o n ,  a 2 0  f o o t  
e x t e n s i o n  i n  t h e  l e n g t h  of  t h e  S-IB s t a g e  i s  asswned f o r  
i n c r e a s e d  p r o p e l l a n t  c a p a c i t y .  

C o n f i g u r a t i o n  11.7A employs t h e  b a s e l i n e  S-IB v e h i c l e  
p l u s  f o u r  seven-segment ,  120"  diameter s o l i d  r o c k e t  m o t o r s .  For 
t h i s  v e h i c l e  as w e l l  as 13.7, d e s c r i b e d  below, t h e  u s e  o f  s e v e n  
segment  SRM's coup led  w i t h  a r e q u i r e x e n t  to e f f i c i e n t l y  t i e  i n t o  
t h e  S-IB s p i d e r  beam c a u s e s  t h e  SRM n o z z l e  e x i t - p l a n e s  t o  
p r o t r u d e  36.67" below t h e  bot tom o f  t h e  H - 1  e n g i n e  n o z z l e s .  I n  

f The SRM's t h u s  c o n s t i t u t e  " s t a g e  z e r o "  o f  t h e  l a u n c h  v e h i c l e ,  
i . e .  a s tage f i r e d  p r i o r  to t h e  nominal  " f i r s t  stage" o f  t h e  
S - I B .  
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l l . 7 A ,  t h e  i g n i t i o n  sequence  i s  s imilar  to t h a t  of' 11.5A, i . e . ,  
t h e  SRM's and f o u r  H - 1  e n g i n e s  a re  i g n i t e d  on t h e  pad  w h i l e  t h e  
r e m a i n i n g  f o u r  H - 1  e n g i n e s  are  i g n i t e d  a t  a l t i t u d e .  An S - I B  
t a n k  e x t e n s i o n  o f  20 f e e t  i s  assumed. 

The 13 .7  c o n f i g u r a t i o n  employs two 120" diameter ,  
s e v e n  segment SRM's added t o  t h e  b a s e l i n e  S-IB v e h i c l e  which 
i t s e l f  i s  m o d i f i e d  b y  a 20  f t .  t a n k  e x t e n s i o n .  A l l  e i g h t  
H - 1  e n g i n e s  i n  t h e  f i r s t  s tage  as w e l l  as t h e  two SRM's a re  
i g n i t e d  on t h e  pad .  (Here t h e  SRM's are  used  as a b o o s t  a s s i s t  
r a t h e r  t h a n  as a z e r o  s t a g e . )  

C o n f i g u r a t i o n  1 4  c o n s i s t s  of t h e  b a s e l i n e  v e h i c l e  
w i t h  a b o o s t - a s s i s t  p r o v i d e d  by  f o u r  Minuteman s o l i d  rocke t ; ; .  
A t a n k  e x t e n s i o n  o f  10 f t .  i s  assumed as a m o d i f i c a t i o n  to t h e  
b a s e l i n e  v e h i c l e .  

The f i v e  v e h i c l e  c l a s s e s  d e s c r i b e d  above a re  i l l u s t r a t e d  ' 

i n  F i g u r e  1. The A p o l l o  payload  e n v e l o p e  shown (SIA,  CSTJI, T,ES) 
was u s e d  i n  d e t e r m i n i n g  performanee p a r a m e t e r s  f o r  each  c o n f i g u r -  
r'ri nn u v A V I 2  . 

Weight changes  t o  t h e  b a s e l i n e  "SA-213" v e h i c l e  shown 
i n  T a b l e  1 p r o v i d e  one i n d i c a t i o n  o f  t h e  e x t e n t  o f  hardware 
changes  i m p l i e d  b y  e a c h  o f  t h e  p r e c e d i n g  d e s c r i p t i o n s .  The 
p a y l o a d  pe r fo rmance  o f  each  v e h i c l e  c l a s s  i s  i l l u s t r a t e d  i n  
T a b l e  2 f o r  d i r e c t  i n - p l a n e  i n j e c t i o n  i n t o  c i r c u l a r  o r b i t s  o f  
1 0 0  NM and 300 NM a l t i t u d e s .  The p a y l o a d s  shown a r e  o n l y  
r e p r e s e n t a t i v e  s i n c e  t h e y  d e r i v e  from p r e l i m i n a r y  s t u d i e s  ; 
t h e y  are, however, u s e f u l  f o r  compara t ive  p u r p o s e s .  The 
maximum pay load  i n  a 1 0 0  NM c i r c u l a r  o r b i t  i s  shown to b e  
1 0 6 , 0 0 0  l b s .  a t  a r e f e r e n c e  launch  az imuth  o f  72' (33"  i n c l i n a t i o n ) ;  
t h i s  i s  2 . 8 3  times t h e  b a s e l i n e  p a y l o a d ,  t a k e n  here  as i d e n t i c a l  
t o  t h a t  o f  t h e  SA-212 v e h i c l e .  

P r e l i m i n a r y  s t u d i e s  have i n d i c a t e d  t h e  f e a s i b i l i t y  
o f  d e v e l o p i n g  t h e  a l t e r n a t e  c o n f i g u r a t i o n s  u n d e r  d i s c u s s i o n .  
The s e l e c t i o n  o f  one c o n f i g u r a t i o n  o v e r  a n o t h e r  would, t h e r e f o r e ,  
depend on c o s t ,  per formance ,  and f a i l u r e  mode e f f e c t s  o f  each  
v e h i c l e  c l a s s .  

3 . 2  COST COMPARISON OF MODIFIED S - I B  VEHICLES EMPLOYING 
STRAP-ON SRM'S 

C o s t s p r e s e n t e d  i n  t h i s  s e c t i o n  are  b a s e d  on R e f e r e n c e  6 .  
No a t t e m p t  i s  made to assess t h e  v a l i d i t y  o f  i n d i v i d u a l  c o s t  
estimates;  t h e y  are ,  however,  employed f o r  c o m p a r a t i v e  p u r p o s e s  
to o b t a i n  a measure o f  c o s t  i n  r e l a t i o n  t o  pe r fo rmance  for.  
e a c h  v e h i c l e  c l a s s .  The major  a s sumpt ions  and ground r u l e s  on 
which t h e  subsequen t  d i s c u s s i o n  i s  based are  as f o l l o w s :  

1, Cos t s  are e x p r e s s e d  i n  1 9 6 6  d o l l a r s .  

2 .  E a r l i e s t  hardware  go-ahead i s  J a n u a r y  1, 1968. 
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3. P r o d u c t i o n  rate of s i x  S-IB v e h i c l e s  p e r  y e a r  a f t e r  
SA-212 until modi f i ed  v e h i c l e s  a re  i n t r o d u c e d .  

4 .  Two R&D t e s t  f l i g h t s  f o r  e a c h  c l a s s  of  m o d i f i e d  
v e h i c l e s .  

5 .  C o s t s  o f  f a c i l i t y  m o d i f i c a t i o n s ,  hardware  p r o d u c t i o n ,  
ground t e s t i n g  ( a l l - s y s t e m s  t e s t s ,  dynamic t e s t  
v e h i c l e s )  a r e  i n c l u d e d .  

6 .  Three  months between d e l i v e r y  o f  l a s t  s t a n d a r d  S-IB 
s t a g e  and f i r s t  modi f ied  t e s t  s t a g e .  

7. C p ~ t . * a i i u n a ~  p r o a u c t i o n  r a t e  o f  m o d i f i e d  S-IB's i s  
6 / y e a r  f o r  a t  l e a s t  f i v e  y e a r s .  

8. Concur ren t  Saturn-V p r o d u c t i o n  r a t e  o f  6 / y r .  

9 .  MSFC m a n u f a c t u r i n g  and t e s t  f a c i l i t i e s  ava - i l= lh l e  8s 
i n  c u r r e n t  S a t u r n  programs.  

1 0 .  Hardware c o n t r a c t  w i l l  p r o v i d e  f o r  c o s t  p l u s  an 
i n c e n t i v e  f e e  o f  7 % .  

11. Pad r e f u r b i s h m e n t  and R & D  f l i g h t  m o n i t o r i n g  is 
i n c l u d e d ;  o t h e r  p o s t - f l i g h t  c o s t s  a r e  e x c l u d e d .  

1 2 .  Overt ime a l l o w e d  t o  meet s c h e d u l e s .  

1 3 .  S-IVB s tage u s e s  t h e  J-2 e n g i n e  arid s t a n d a r d  
p r o p e l l a n t  c a p a c i t y  o f  230,000 l b s .  

1 4 .  All S-IVB s t a g e s  are s t a t i c  f i r e d  a t  Sacramento  
T e s t  C e n t e r .  

N o n r e c u r r i n g  c o s t s  i n c u r r e d  f o r  each  v e h i c l e  c l a s s  
can b e  c o n v e n i e n t l y  c o n s i d e r e d  i n  two c a t e g o r i e s :  f a c i l i t y  
m o d i f i c a t i o n s  r e q u i r e d  t o  s u p p o r t  development  and o p e r a t i o n  of  a 
m o d i f i e d  S-IB, and development c o s t s  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  
v e h i c l e .  N o n r e c u r r i n g  f a c i l i t y  c o s t  es t imates  a re  shown i n  
T a b l e  3; n o n r e c u r r i n g  o r  R & D  c o s t s  f o r  v e h i c l e  development  a re  
shown i n  T a b l e  4 .  The la rges t  f a c i l i t y  m o d i f i c  t i o n  c o s t s  a re  

r e s p e c t i v e l y ) ;  t h e  minimum f a c '  l i t y  m o d i f i c a t i o n  c o s t  i s  t h a t  

t h e  l a r g e s t  n o n r e c u r r i n g  development c o s t  ( $ 2 0 7 . 6 2 ~ 1 0 6 )  w h i l e  
c o n f i g u r a t i o n  1 4  r e q u i r e s  t h e  l ea s t  ( $ 1 5 3 . 4 2 ~ 1 0 6 ) .  R e c u r r i n g  
u n i t  c o s t s  for o p e r a t i o n a l  v e h i c l e s  shown i n  T a b l e  5, a g a i n  
i n d i c a t e  t h e  h i g h e s t  c o s t  t o  b e  a s s o c i a t e d  w i t h  c o n f i g u r a t i o n  
ll.7A ($48&59x106) w h i l e  t h e  l o w e s t  i s  t h a t  o f  v e h i c l e - c l a s s  1 4  
( $ 4 1 . 3 9 ~ 1 0  ) .  

6 i n c u r r e d  by v e h i c l e s  11.5A and 11.7A ( $ 4 0 . 4 5 ~ 1 0  2 and $41.22~10 , 

of c o n f i g u r a t i o n  1 4 ,  $ 2 3 . 0 1 ~ 1 0  i . V e h i c l e  ll.7A a l s o  r e q u i r e s  
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FAC I L I T Y  GSE OTHER 
VEH 1 C L E  

11.5 

I 1 . 5 A  

I1.7A 

13.7 

I 4  

T O T A L  

T A B L E  3. NONRECUhR I NG COST OF FAC I L IT I ES FOR MOD I F I ED 
s- I B VEH I CLES EMPLOY I NG STRAP-ON S R M ' S *  

LAUNCH ( K S C )  
MSFC DYNAMIC T E S T  
MSFC S T A T I C  T E S T  

I---- ____ - 

20.70 13.97 
1.56 0.16 
0.15 0.57 

FAC I L I T Y  

0. 34.67 

P L A N T  MOD I F I CAT I ON 
T O T A L  

I IO9 I .56 
23.50 [ 16.26 

1 1 

LAUNCH ( K S C )  21.28 13.97 
MSFC DYNAMIC T E S T  
MSFC S T A T I C  T E S T  
P L A N T  M O D I F I C A T I O N  
T O T A L  24. 16 16.37 

PLANT M O D I F I C A T I O N  
T O T A L  

.1.09 I .48 
19.74 13. 12 

0.69 2.41 
0. I 0.72 

0. 
0.68 

2.65 0. 
0.63 1 40.45 

2.57 
33.54 

1 

35.25 

0.72 

LAUNCH (KSC)  
MSFC DYNAMIC T E S T  
MSFC S T A T I C  T E S T  

;:69 1 2.76 
41.22 

I 

12.17 6 .  I O  
0.52 0.67 
0. I 4  0.54 

LAUNCH (KSC)  17.07 IO.  96 
MSFC DYNAMIC T E S T  1 -43  0. 16 
MSFC S T A T I C  T E S T  0. 15 0.52 

P L A N T  M O D I F I C A T I O N  I 0.74 
T O T A L  13.57 

I .44 
8.75 

0. 2. I8 
I I 

~ 

0. 
0.68 
0. 0.67 

18.27 

0.68 

1 1 

AFTER T A B L E  X I -  I, REFERENCE 6. 
* 
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TABLE 5. UNIT COSTS OF OPERATIONAL VEHICLES INCLUDING STATIC TEST 

S-IB STAGE 

ENG I NES 

S-IVB STAGE 

ENG I NES 

SRM’S 

I U  

VEH I CLE I NTEGRAT I ON 

GSE MA I NTENANCE 

OTHER 

LAUNCH 

BASEL I NE 

OPERAT I ONS 

GSE REFURBISHMENT 
& MA I NTENANCE 

FAC I L I T  I ES REFURB I SHMENT 
& MA I NTENANCE 

EXPENDABLES 
~~ 

TOTAL 

11.5 

8.88 

2.50 

8.06 

2.30 

6.84 

4.70 

2.40 

0. 40 

0.26 

io. oo 

0.16 

0.18 

o.oi  

o.oi 

46.70 

VEHICLE CLASS 

l l . 5 A  

9.46 

2. 45 

8.06 

2.30 

6.9 I 

4.70 

2. 40 

0. 40 

0.26 

io.00 

0.17 

0.20 

0.01 

0.08 

47. 40 

I I .7A 

9.51 

2.45 

8.15 

2.30 

7.96 

4.70 

2.40 

0.40 

0.26 

i0.w 

0.17 

0.20 

0.01 

0.08 

48.59 

i3.7 

9.55 

2.40 

8.06 

2.30 

4.01 

4.70 

2.40 

0.40 

0.25 

10.00 

0.13 

0.15 

0.01 

0.08 

44. 44 

9.33 

2.40 

8.06 

2.30 

1.24 

4.70 

2.40 

0.40 

0.24 

10.00 
0. I I  

0.15 

0.02 

0.04 

u1.39 

NOTES: i )  COSTS SHOWN ARE IN MILLIONS OF DOLLARS PER VEHICLE. 

2)  THIS TABLE I S  BASED ON TABLE XI-2, REFERENCE 6. 
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T o t a l  c o s t s ,  i n c l u d i n g  b o t h  n o n r e c u r r i n g  and r e c u r r i n g  
i tems ,  are  shown i n  Tab le  6 f o r  a program c o n s i s t i n g  o f  f rom 
one t o  s i x  o p e r a t i o n a l  v e h i c l e s .  

Cos t s  c o n s i d e r e d  a s i d e  f rom pe r fo rmance  g a i n s  a re ,  
however,  on ly  one measure of compar ison .  T a b l e  7 p r e s e n t s  a 
" c o s t / e f f e c t i v e n e s s "  measure f o r  e a c h  v e h i c l e  c l a s s  f o r  an  
o p e r a t i o n a l  program v a r y i n g  from one t o  s i x  v e h i c l e s .  The 
c o s t / e f f e c t i v e n e s s  measure chosen i s  t o t a l  c o s t  ( n o n r e c u r r i n g  
p l u s  r e c u r r i n g )  f o r  a g i v e n  number o f  o p e r a t i o n a l  v e h i c l e s  
d i v i d e d  by t h e  t o t a l  pay load  c a p a b i l i t y  o f  t h e  same number of  
o p e r a t i o n a l  v e h i c l e s .  

B a s e l i n e  costs f o r  t h e  unmodif ied  S - I B ,  however,  
i n c l u d e  on ly  r e c u r r i n g  c o s t s ,  t h e  n o n r e c u r r i n g  c o s t s  b e i n g  
assumed c h a r g e a b l e  t o  p r i o r  s p a c e  program g o a l s .  T h i s  a s s u m p t i o n  
p r o v i d e s  a bas i s  o f  comparison t h a t  i n h e r e n t l y  f a v o r s  t h e  
s t a n d a r d  S-IB. N e v e r t h e l e s s ,  a p r o g r a n  of  on ly  5 o p e r a t i o n a l  
f l i g h t s  w i t h  v e h i c l e  l l . 7 A  r e s u l t s  i n  a lower  t o t a l  cost p e r  
pound of  p a y l o a d  i n  a low a l t i t u d e  ( 1 0 0  N . M i . )  o r b i t  t h a n  t h e  
s t a n d a r d  S-IB c o s t .  A program o f  on ly  3 o p e r a t i o n a l  f l i g h t s  
w i t h  l l . 7 A  r e s u l t s  i n  a lower t o t a l  c o s t  p e r  pound o f  p a y l o a d  
i n  a 300 N .  M i .  a l t i t u d e  c i r c u l a r  p o l a r  o r b i t  t h a n  w i t h  t h e  
b a s e l i n e  S-IB. T a b l e  8 shows t h e  number o f  o p e r a t i o n a l  v e h i c l e s  
r e q u i r e d  to r educe  t h e  c o s t / e f f e c t i v e  measure below t h a t  o f  a 
Sa tu rn - IB .  C o n f i g u r a t i o n  1 4 ,  which r e q u i r e s  t h e  l o w e s t  t o t a l  
c o s t ,  i s  shown t o  r e q u i r e  t h e  most e x t e n s i v e  o p e r a t i o n a l  program 
t o  j u s t i f y  t h e  i n i t i a l  i n v e s t m e n t .  

T h e r e f o r e ,  assuming t h e  c o s t  figures employed above to 
be v a l i d  f o r  compara t ive  pu rposes ,  t h e  v e h i c l e  c l a s s  SIB 1 1 . 7 A ,  
i n  comparison w i t h  o t h e r  m o d i f i e d  SIB v e h i c l e s  employing s t r a p - o n  
s o l i d s  has been  shown t o  r e q u i r e  t h e  l e a s t  e x t e n s i v e  program 
commitment ( i n  terms of  numbers of  o p e r a t i o n a l  v e h i c l e s )  t o  
j u s t i f y  i t s  a d o p t i o n .  I n  a d d i t i o n ,  t h e  p a y l o a d  c a p a b i l i t y  o f  
an  11.7A v e h i c l e  i s  grea te r  t h a n  t h a t  o f  a s i n g l e  v e h i c l e  of  any 
o f  t h e  a l t e r n a t i v e  c o n f i g u r a t i o n s  d i s c u s s e d  i n  t h i s  s e c t i o n .  

4 . 0  SOLID-BOOSTED SIVB LAUNCH VEHICLES 

T h i s  s e c t i o n  d i s c u s s e s  c a n d i d a t e  s o l i d - b o o s t e d  S-IVB 
c o n f i g u r a t i o n s  u s i n g  c l u s t e r e d  120" SRM's, c l u s t e r e d  156" SRM's 
o r  a s i n g l e  260~1 diameter s o l i d  r o c k e t  mo to r .  Per formance  and  
c o s t  data on these  v e h i c l e s  a r e  based on s t u d i e s  conduc ted  by 
Douglas  A i r c r a f t  Company under  C o n t r a c t  NAS 8-20242 
( R e f e r e n c e s  9, 10). 
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Three c o n f i g u r a t i o n s  w i l l  b e  c o n s i d e r e d .  Each i s  
a two s tage  v e h i c l e  employing a n  S-IVB* as t h e  second  s t a g e .  
An I n s t r u m e n t  Un i t  ( I U )  i s  p r o v i d e d  above t h e  S-IVB s t a g e  i n  
e a c h  c a s e .  The p r imary  c o n f i g u r a t i o n  d i f f e r e n c e s  o c c u r  i n  t h e  
new f i r s t  s tage  which i s  e i t h e r :  

a )  a c l u s t e r  o f  f i v e  120" diameter ,  f i v e  segment s o l i d  
r o c k e t  motors  (T i t an  IIIC), 

b )  a c l u s t e r  of t h r e e  156'' diameter,  t h r e e  segment 
SRM's, or 

c )  a s i n g l e  2 6 0 ~ '  d i a m e t e r  SRM o f  1 6 4 9 "  o v e r a l l  l e n g t h  
( i n c l u d i n g  n o z z l e ) .  

The t h r e e  v e h i c l e  c l a s s e s  w i l l  b e  d e s i g n a t e d  h e r e i n  as SRM/SIVB 
120.5 ,  SRM/SIVB 156.3,  and SRM/SIVB 260, r e s p e c t i v e l y  ( s ee  
F i g u r e  2 ) .  

Each l a u n c h  v e h i c l e  c o n f i g u r a t i o n  r e q u i r e s  a number 
o f  subsys t ems  t o  e n a b l e  t he  SRM's t o  f u n c t i o n  as a f i r s t  s t a g e .  
These  i n c l u d e :  

1. T h r u s t  v e c t o r  c o n t r o l  sys t ems  and a s s o c i a t e d  e l e c t r o n i c s  

2 .  Roll c o n t r o l  s y s t e m  

3.  I g n i t i o n  motors  

4 .  S t a g i n g  equipment i n c l u d i n g  r e t r o  r o c k e t s  

5 .  E l e c t r i c a l  power sequenc ing  equipment  

6 .  T e l e m e t r y  and da ta  a c q u i s i t i o n  sys t ems  

7.  Emergency d e t e c t i o n  and a b o r t  sys t ems  

8 .  Range s a f e t y  and d e s t r u c t  equipment ,  and e x c e p t  f o r  
t h e  260" d i a m e t e r  SRM f i r s t  s t a g e ,  

9 .  C l u s t e r i n g  s t r u c t u r e s .  

A fo rward  s k i r t  i s  r e q u i r e d  t o  p r o v i d e  a s t r u c t u r a l  
i n t e r f a c e  w i t h  t h e  second  (S-IVB) s t a g e  and t o  house  f i r s t  
s tage  s u b s y s t e m s .  An a f t  s k i r t  would p r o v i d e  s t r u c t u r a l  s u p p o r t  
on t h e  l aunch  pad  and a h e a t  s h i e l d  t o  p r o t e c t  af t -mounted 
equipment  for v e h i c l e  subsys t ems .  S-IVB m o d i f i c a t i o n s  assumed 
for u s e  i n  a s o l i d - b o o s t e d  c o n f i g u r a t i o n  a re  shown i n  T a b l e  9. 

* Sa tu rn - IB  v e r s i o n .  
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FIGURE 2. SOLID-BOOSTED S - I V B  VEHICLE CONFIGURATJONS RELATIVE TO SATURN I B  AND SATURN V 
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TABLE 13. NUMBER OF OPERATIONAL SOLID-BOOSTED S- IVB VEHICLES 

REQUIRED FOR A LOWER TOTAL COST PER POUND OF PAYLOAD 
THAN THE S-16 

VEH I CLE CLASS 

SfM/S- I VB 120.5 

SRM/S- I VB 156.3 

SRM/S- I VB 260. 

- NUMBER OF VEHICLES 

I U  (13.U) 

9 ( 8.85) 

9 ( 8.16) 

NOTE: REFERENCE ORBIT IS CIRCULAR, 105 N.Ml .  ALTITUDE, WITH 
A 28.5' INCLINATION. 

REFERENCE COST FOR S-16 IS $38.0 X IO6  t U0,500# = $938./LB. 
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O f  t h e  c a n d i d a t e  SRM's c o n s i d e r e d ,  on ly  t h e  1 2 0 "  
diameter motor  i s  o p e r a t i o n a l  ( T i t a n  I I I C ) .  S t a t i c  t e s t s  have ,  
however,  been  pe r fo rmed  on 156"  and 260" diameter  moto r s .  

. V e h i c l e  per formance ,  as measured b y  p a y l o a d  c a p a b i l i t y  
f o r  a c i r c u l a r  o r b i t  o f  105 NM a l t i t u d e  w i t h  a 28.5O o r b i t a l  
i n c l i n a t i o n ,  i s  shown i n  T a b l e  1 0 .  

The t o t a l  c o s t s  o f  one t o  s i x  o p e r a t i o n a l  f l i g h t s ,  
based on development  and u n i t  c o s t s  g i v e n  i n  R e f e r e n c e s  9, 1 0  
are p r e s e n t e d  i n  Tab le  11. T o t a l  c o s t  p e r  pound o f  p a y l o a d  
i n  a 1 0 5  N M  c i r c u l a r  o r b i t  w i t h  28.5O i n c l i n a t i o n  i s  shown i n  
T a b l e  1 2 .  By t a k i n g  a c o s t  p e r  pound o f  p a y l o a d  (same o r b i t )  
f o r  t h e  Sa turn- IB as $ 3 8 . 0 0 ~ 1 0 6  f 4 0 , 5 0 0  # = $938/#,  t h e  number 
of o p e r a t i o n a l  s o l i d - b o o s t e d  S-IVB v e h i c l e s  r e q u i r e d  t o  a c h i e v e  
a l o w e r  or e q u a l  t o t a l  c o s t  p e r  pound t h a n  t h e  S-IB can b e  
c a l c u l a t e d  from 

< 938. ZP - 
'NR + "R 

where 'NR = n o n r e c u r r i n g  c o s t  f o r  a g i v e n  v e h i c l e  c l a s s  ( $ )  

'R = r e c u r r i n g  c o s t  for a g i v e n  v e h i c l e  c l a s s  ( $ )  
P = p a y l o a d  d e l i v e r a b l e  to a 105 N M  c i r c u l a r  o r b i t  

Z = number o f  o p e r a t i o n a l  l a u n c h  v e h i c l e s  r e q u i r e d  for e q u a l  or 
w i t h  2 8 . 5 O  o r b i t a l  i n c l i n a t i o n  ( # )  

l o w e r  c o s t / ' e f f e c t i v e i i e s s  ratiz, than S-IE. 

The r e s u l t s ,  shown i n  T a b l e  1 3  i n d i c a t e  t h a t  a 2 6 0 ~ ~  diameter  
SRM f i r s t  s tage  or t h e  c l u s t e r e d  156" diameter  SRM f i r s t  s t age  
e a c h  r e q u i r e s  a n  o p e r a t i o n a l  program o f  at l e a s t  n i n e  v e h i c l e s  
b e f o r e  a c o s t  s a v i n g  i s  e f f e c t e d  r e l a t i v e  t o  t h e  S-IB. 

5 . 0  INTERMEDIATE SATURN-V VEHICLES 

Two modi f i ed  Saturn-V v e h i c l e s  w i t h  p a y l o a d  c a p a b i l i t i e s  
i n t e r m e d i a t e  between t h e  Saturn-IB and " s t a n d a r d "  Saturn-V a r e  
d i s c u s s e d  i n  t h i s  s e c t i o n .  Each employs two o f  t h e  t h r e e  S-V 
stages and r e t a ins  s t a n d a r d  5-2 and F-1 e n g i n e s .  The f i r s t  
c o n f i g u r a t i o n ,  d e s i g n a t e d  SAT-INT-20, employs a n  SIC l o w e r  s t a g e  
and an SIVB u p p e r  s tage ;  t h e  second,  d e s i g n a t e d  SAT-INT-21, 
u t i l i z e s  an S- I1  uppe r  s t a g e  and an  SIC lower  s t a g e  ( s e e  F i g u r e  3 ) .  
N e w  i n t e r s t a g e  s t r u c t u r e s  and equipment  are  r e q u i r e d  f o r  
INT-20, whereas t h e  e x i s t i n g  Saturn-V i n t e r s t a g e  p r o v i s i o n s  a re  
employed for I N T - 2 1 .  

i n  T a b l e  1 4  f o r  s e v e r a l  r e p r e s e n t a t i v e  o r b i t s .  P a y l o a d s  shown 
assume a maximum v e h i c l e  a c c e l e r a t i o n  o f  4 .68  g ( p r e s e n t  l i m i t ) .  

The p a y l o a d  c a p a b i l i t y  o f  e a c h  v e h i c l e  c l a s s  i s  shown 



I 

SAT INT-20 SAT INT-21 

FIGURE 3. INTERMEDIATE SATURN V VEHICLES 
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Cost  estimates a re  g i v e n  i n  T a b l e  15 f o r  p r o d u c t i o n  
and l a u n c h  o f  one to f o u r  o p e r a t i o n a l  v e h i c l e s .  DDT&E c o s t s  
i n c l u d e  d e s i g n ,  t e s t ,  manufac tu r ing  and f a c i l i t i e s  f o r  s t a g e s ,  
e n g i n e s ,  and l a u n c h .  O p e r a t i o n a l  c o s t s  a re  based on an assumed 
p r o d u c t i o n  ra te  f o r  INT-20 or  I N T - 2 1  o f  s i x  o p e r a t i o n a l  v e h i c l e s  
p e r  y e a r  f o r  f i v e  y e a r s ,  r e p l a c i n g  Sa tu rn - IB  p r o d u c t i o n  and 
c o n c u r r e n t  w i t h  c o n t i n u e d  Saturn-V p r o d u c t i o n  a t  a r a t e  o f  s i x  
v e h i c l e s  p e r  y e a r .  T e s t  r e q u i r e m e n t s  f o r  b o t h  v e h i c l e s  i n c l u d e  
wind t u n n e l  t e s t s  and a check o f  c o n t r o l  i n s t r u m e n t  l o c a t i o n s  
by e s t a b l i s h i n g  v e h i c l e  v i b r a t i o n  mode s h a p e s  and f r e q u e n c i e s .  
It i s  assumed t h a t  one R&D f l i g h t  w i l l  be  r e q u i r e d  .for INT-20 
and t h a t  no  R & D  f l i g h t  i s  r e q u i r e d  f o r  I N T - 2 1  ( ' ' 2  s t a g e  Sa tu rn -V") .  

T a b l e  1 6  p r o v i d e s  a measure o f  c o s t / e f f e c t i v e n e s s  i n  
t h e  form o f  t o t a l  c o s t  o f  X o p e r a t i o n a l  v e h i c l e s  d i v i d e d  b y  t h e  
p a y l o a d  o f  X v e h i c l e s ;  pay loads  f o r  s e v e r a l  r e f e r e n c e  o r b i t s  
are  employed. C o s t / e f f e c t i v e n e s s  ( C / E )  r a t i o s  below $1000/ lb .  
are  o b t a i n e d  f o r  SAT INT-21  i n  a l l  o r b i t  c a t e g o r i e s  c o n s i d e r e d  
f o r  o p e r a t i o n a l  programs c o n s i s t i n g  o f  as l i t t l e  as one v e h i c l e  
For SAT INT-20, two or t h r e e  o p e r a t i o n a l  v e h i c l e s  a re  r e q u i r e d  
to a c h i e v e  C/E r a t i o s  below $1000/ lb ,  depend ing  upon t h e  
r e f e r e n c e  o r b i t s  chosen .  

6 . 0  DISCUSSION 

The l a u n c h  v e h i c l e  c o n f i g u r a t i o n s  d e s c r i b e d  b r i e f l y  i n  
t h i s  memorandum are  d e s c r i b e d  e x t e n s i v e l y  i n  R e f e r e n c e s  1-16 .  
Analyses  o f  maximum dynamic p r e s s u r e ,  a c c e l e r a t i o n ,  and o t h e r  
parameters p e r t i n e n t  to payload  d e f i n i t i o n  and o p t i m i z a t i o n  
a re  d i s c u s s e d  a t  l e n g t h  t h e r e i n .  I n  g e n e r a l  t h e  c o n f i g u r a t i o n s  
desc r ibed  above have been  found t o  b e  f e a s i b l e  based  on p r e l i m i n a r y  
m o d i f i c a t i o n  and per formance  es t imates .  

B a s i c  c o s t  d a t a  f o r  a l l  c o n f i g u r a t i o n s  have been  o b t a i n e d  
f rom summaries p r e p a r e d  by C h r y s l e r  Space  D i v i s i o n  (Modi f i ed  
Sa tu rn - IB  V e h i c l e s  employing s t r a p - o n  SRM's) , Douglas  ( S o l i d -  
Boos ted  S I B  V e h i c l e s ) ,  and Boeing ( I n t e r m e d i a t e  Saturn-V v e h i c l e s ) .  
Comparisons among t h e  th ree  p r e c e d i n g  v e h i c l e  c a t e g o r i e s  c a n n o t ,  
t h e r e f o r e ,  b e  c o n s i d e r e d  v a l i d  w i t h o u t  f u r t h e r  v e r i f i c a t i o n  of  t h e  
d e t a i l e d  (qssumptions u n d e r l y i n g  t h e i r  c o s t  summaries .  Such c o s t s ,  
w h i l e  h a r d l y  t o  b e  c o n s i d e r e d  d e f i n i t i v e ,  are n e v e r t h e l e s s  t h e  
b e s t  a v a i l a b l e  a t  t h i s  w r i t i n g .  

The measure o f  c o s t / e f f e c t i v e n e s s  employed i n  t h i s  
memorandum* was chosen  i n  a n t i c i p a t i o n  o f  m i s s i o n s  which 
e f f e c t i v e l y  u t i l i z e  t h e  e n t i r e  p a y l o a d  o f  a g i v e n  v e h i c l e ,  
e x c l u d i n g  d e s i g n  m a r g i n s .  Obviously m i s s i o n s  which do n o t  f u l l y  
u t i l i z e  p a y l o a d  c a p a b i l i t y  m u s t  b e  assessed w i t h  d i f f e r e n t  
c r i t e r i a .  C u r r e n t  e x p e r i e n c e  w i t h  A A P  m i s s i o n  p l a n n i n g ,  however,  
i n d i c a t e s  t h a t  l o n g  d u r a t i o n  m i s s i o n s ,  p a r t i c u l a r l y  a p r o j e c t e d  
one y e a r  m i s s i o n ,  can  e a s i l y  u t i l i z e  e n t i r e  v e h i c l e  p a y l o a d s .  

T o t a l  c o s t  ( e x c l u d i n g  items a t t r i b u t a b l e  t o  p a y l o a d )  o f  X 
o p e r a t i o n a l  v e h i c l e s  d i v i d e d  by t h e  combined p a y l o a d  o f  X 
v e h i c l e s  o f  t h e  same c l a s s .  

h 
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The number o f  o p e r a t i o n a l  v e h i c l e s  r e q u i r e d  t o  become 
c o m p e t i t i v e  w i t h  t h e  p r e s e n t  S a t u r n  I-B i n  t e r m s  o f  c o s t /  
e f f e c t i v e n e s s  i s  a u s e f u l  p a r a m e t e r  i n  a s s e s s i n g  t h e  magnitude 
o f  program commitment r e q u i r e d  t o  j u s t i f y  t h e  development o f  
m o d i f i e d  S a t u r n  l a u n c h  v e h i c l e s .  Table  1 ' 7  i n d i c a t e s  a comparison 
o f  t h e  v e h i c l e  c l a s s e s  c o n s i d e r e d  i n  t h i s  memorandum. The lowest 
n o n r e c u r r i n g  c o s t  i d e n t i f i e d  i s  t h a t  of  t h e  SAT INT 21 ($32.3 x 10 >; 
The lowes t  r e c u r r i n g  c o s t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  S-IB b a s e l i n e  
( $ 3 8 . 0  x 1 0  ) i s  t h a t  o f  SRM/S-IVB-260. The h i g h e s t  pay load  f o r  
a low a l t i t u d e ,  low i n c l i n a t i o n  o r b i t  i s  t h a t  of SAT I N T  21 
(255,000'). 
t o  a c h i e v e  a l o w e r  c o s t / e f f e c t i v e n e s s  t h a n  t h a t  o f  a S a t u r n  I - B .  

6 

6 

SAT I N T  2 1  a l s o  r e q u j - r e s  o n l y  one o p e r a t i o n a l  f l i g h t  

Among t h e  S-IB " s t r ap -on"  c o n f i g u r a t i o n s  t h e  g r e a t e s t  
# pay load  (106,000 ) and l e a s t  number o f  o p e r > a t i o n a l  f l i g h t s  r e q u i r e d  

f o r  a c / e  c o m p e t i t i v e  w i t h  t h a t  o f  Sa tu rn - IB  o c c u r s  for S - I B - 1 1 . 7 A .  
Among t h e  v e h i c l e  c l a s s e s  c o n s i d e r e d  i n  t h i s  memorandum, t h e  l e a s t  
e f f i c i e n t ,  i n  terms o f  numbers o f  o p e r a t i o n a l  v e h i c l e s  r e q u i r e d  
t o  compete w i t h  S a t u r n  I-B on a c o s t / e f f e c t i v e n e s s  b a s i s ,  i s  
S-IB-14 (Minuteman S t r ap -ons )  . 

0 [' p,/ . t  

/ , /  ' 
L/*- , 
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